Plant species Satureja kitaibelii Wierzb. ex Heuff. is used as a spice and as a natural preservative for food and herbal tea, owing to its characteristic scent and flavor as well as high antimicrobial activity. In the present study, the antimicrobial activity of isolated essential oil of S. kitaibelii was tested against a panel of 30 pathogenic microorganisms (foodborne microbes, selected multiresistant bacterial isolates from the patient wounds and dermatophyte isolates). Limonene (15.54%), p-cymene (9.99%), and borneol (8.91%) appeared as the main components in 44 identified compounds representing 98.44% of the oil. Essential oil of S. kitaibelii showed significant activity against a wide spectrum of foodborne microbes (MIC=0.18-25.5 μg mL -1 ) and multiresistant bacterial isolates (MIC=6.25-50.0 μg mL -1 ), as well as against dermatophyte strains (MIC=12.5-50.0 μg mL -1 ). These results demonstrate that S. kitaibelii essential oil could be used as a natural potential antimicrobial agent against pathogenic strains in the treatment of foodborne disease, wound and skin infections.
Due to their strong and aromatic flavor, plant species of the genus Satureja L. (Lamiaceae) have been used for centuries as spice, preservatives and medicine in the Mediterranean area. In wide regions of the Balkan Peninsula, two species of this genus, S. hortensis and S. montana, are particularly used as natural preservatives for meat products and antimicrobial agents in phytotherapy of various diseases, e.g. gastroenteritis, upper respiratory tract infections, urinary tract infections, diarrhea and wounds [1] [2] . In the last two decades, intensive phytochemical investigation into Satureja species has been conducted mostly focusing on their essential oil and its antimicrobial an antioxidant activities [3] [4] [5] [6] . They have been screened for their potential uses as alternative remedies for treatment of common aliments. The essential oil of S. hortensis and S. montana shows a wide antimicrobial spectrum against pathogenic and food spoilage bacteria, fungi and yeast species [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Beside the most commonly used species S. hortensis and S. montana, the herb of S. kitaibelii, endemic of Balkan Peninsula [18] , is also frequently used and commercially available under the name of "Rtanj tea." This species is used in traditional medicine for the treatment of the gastric and intestinal mucous inflammation, diarrhea, ailments of liver and bile ducts, bronchitis, asthma, rheumatism and paralysis. It is also used as an analgesic and as treatment for skin infections and inflammations [19] .
Discovery of antibiotics was one of the leading causes for the dramatic rise of average life expectancy in the last century. In modern medicine, one of the main problems is constant development of resistant strains of microorganisms. Development of this resistance has resulted in perpetual research and development of new antibiotics in order to maintain a pool of effective drugs at all times. Medicinal plants are rich in compounds which may be potential natural drugs, and which may serve as alternative antimicrobials for the treatment of common ailments. Thus, natural products need to be screened and investigated as potential sources of new antimicrobial compounds. To the best of our knowledge, there are no published reports on the antimicrobial activity of the essential oil of S. kitaibelii. With all the above points in (Adams, 2007) mind, we focused our study on the antimicrobial activity against a panel of 30 pathogenic microorganisms (foodborne bacteria, selected multiresistant bacterial isolates from the patients' wounds and isolates of dermatophytes) using broth micro-well dilution method.
The essential oil of S. kitaibelii -0.16% (v/w) was isolated by using the hydro-distillation process in a Clevenger type apparatus. The analysis allowed the identification of 44 compounds, corresponding to 98.4% of the total oil ( Table 1) .
The most common were the monoterpenes, representing 70.3% of the total oil. Sesquiterpenes were present in much smaller amount (28.0%). In the studied essential oil, 9 major compounds (66.8%) were: monoterpenoid carbohydrates -limonene (15.5%) and p-cymene (10%), alcohols -borneol (8.9%), cis-sabinene hydrate (7.7%) and terpinen-4-ol (6.6%), and sesquiterpenes germacrene D (7.1%), caryophyllene-oxide (5.9%) and β-caryophyllene (5.1%).
Literature data show variation between the chemical composition of the S. kitaibelii essential oil from different localities. The major components of the oil, collected at the site Lepenski Vir, were p-cymol, caryophyllene, 1,8-cineole and limonene; from the locality Rsovacgeranylacetate, geraniol, linalool, 1,8-cineole and limonene were the major components [20] . Several studies reported p-cymene, geraniol and β-elemene as the main compounds of this oil [21] [22] [23] . Our results are in agreement with the literature data regarding the chemical composition of the essential oil obtained from the material collected at the same locality -Jelasnica Gorge [24] . Slavkovska et al. identified only 14 compounds in the oil (80.9%), where the dominant components were monoterpenes (74.6%) with p-cymene (20.9%), limonene (16.0%), borneol (9.8%), trans-sabinen hydrat (8.2%) and terpinen-4-ol (3.8%) as main components. The disagreement of the results seems to be due to diverse characteristics of the localities where the plant material was collected and the genetic polymorphism of the species populations [24] [25] [26] [27] [28] [29] .
An important characteristic of essential oil and its components is hydrophobicity, which is responsible for the degradation of the cell wall, disturbance of the plasma membrane structure, damage of the membrane proteins, greater permeability of cytoplasmatic membrane, leakage of cell contents, coagulation of cytoplasm and depletion of the proton motive force [30] [31] [32] . [8, 30, 32] . was shown against the highly resistant strain of E. coli O157:H7 by the essential oils The exhibited antimicrobial activity is explained by the high content of phenol compounds carvacrol and thymol. Eventhough the oil which does not contain these phenol compounds showed significant levels of activity. For example, in very low concentrations, the essential oil of S. masukensis (0.92 μg mL -1 ) and S. pseudosimensis (1.04 μl/mL) exhibited activity against P. aeruginosa, which is one of the most resistant strain [35] . The major components of this oil was cis-piperitone-oxide (27.04% and 25.00 % respectively) and spathulenol (22.36% and 13.26% respectively) [36] . According to the results given in Figure 1 , the essential oil of S. kitaibelii exhibited an antimicrobial effect against foodborne bacteria in the range from 0.18 to 5.63 μg mL -1 (with the exception of P. aeruginosa and L. monocytogenes), which is in accordance with the activity of other investigated Satureja species. The highest activity was recorded in S. aureus ATCC 6538 (MIC=MBC=0.18 μg mL -1 ), followed by C. perfringens and B. subtillis (MIC=MBC=0.70 μg mL -1 ), S. aureus ATCC 25923 (MIC/MBC=1.41/2.81 μg mL -1 ), S. enteritidis (MIC=MBC=2.81 μg mL -1 ) and E. coli ATCC 25922 (MIC/MBC=1.41/5.63 μg mL -1 ). The oil showed slightly lower activity against E. coli ATCC 8739 (MIC=MBC= 5.63 μg mL -1 ) and E. coli O157:H7 (MIC/MBC=11.25/ 25.0 μg mL -1 ), while its activity against P. aeruginosa and L. monocytogenes was exhibited at significantly higher concentration (MIC=MBC=22.5 μg mL -1 ). The activity of the oil against these two strains was also lower than that of reference antibiotics (MIC=MBC=8.0 μg mL -1 , MIC/MBC=8.0/16.0 μg mL -1 , respectively). It should also be noted that the oil exhibited a microbicidal effect at the active concentration, i.e. the MIC values, were equal to MBC values, except for strain E. coli O157:H7, E. coli ATCC 25922 and S. aureus ATCC 25923 ( Figure 1A and 1B). The oil showed activity against fungal strains at very low concentrations (MIC=0.09-1.41 μg mL -1 ).
The antibiogram method was used to test the activity of 14 antibiotics against 30 pathogenic bacterial isolates. According to the results of this study, the multiresistant strains from 10 genera were selected: Klebsiella, Escherichia, Proteus, Staphylococcus, Streptococcus, Pseudomonas, Enterococcus, Enterobacter, Citrobacter and Acinetobacter. S. kitaibelii essential oil exhibited antimicrobial effect against 12 selected multiresistant strains in the concentration range from 6.25 to 50.0 μg mL -1 , being much lower than that of the carvacrol-rich essential oil of S. hortensis [37] . Keeping in mind that most of the antibiotics used in this study showed no activity, this antimicrobial activity was still very significant. It was determined that this oil had inhibitory effects at much lower concentrations than bactericidal, for example against P. mirabilis and S. aureus (MIC/MBC=6.25/50.0 μg mL -1 ), Staphylococcus sp. (MIC/MBC=12.5/50.0 μg mL -1 ) and Enterococcus sp. (MIC/MBC=25.0/50.0 μg mL -1 ). The oil showed the weakest activity against K. pneumoniae, S. pyogenes, Enterobacter sp., E. coli, Citrobacter sp. and P. aeruginosa (MIC=MBC=50.0 μg mL -1 ) (Figure 2A ). Compared to the oil, kanamycin exhibited activity at lower concentrations against five (total 12) strains (K. oxytoca, S. pyogenes, Enterobacter sp., Citrobacter sp. and Enterococcus sp.) ( Figure 2B) .
The antimicrobial activity of the oil is most likely due to the presence of limonene, borneol and germacrene D [38] [39] [40] . It is well known that borneol has biological properties like antibacterial, antifungal, antispasmodic, choleretic, and tranquilizing effects [41] .
The essential oil of Origanum vulgare subsp. hirtum, Mentha spicata, Lavandula angustifolia, and Salvia fruticosa contain limonene as one of the components with antifungal activity. The activity of this oil against human pathogens Malassezia furfur, Trichophyton rubrum, and Trichosporon beigelii was reported [42] . The essential oil of Thymus pulegioides, with high content of p-cymene, limonene and borneol, showed high levels of activity against dermatophyte species [43] .
The essential oil of S. kitaibelii exhibited activity against dermatophyte strains in the concentration range from 12.5 to 50.0 μg mL -1 , which is slightly lower than the antibiotic fluconazole ( Figure 3B ). The oil exhibited the highest activity against E. floccosum (MIC=MBC=12.5 μg mL -1 ) and the lowest against M. canis (MIC=MBC=50.0 μg mL -1 ) ( Figure 3A) .
The results of this study confirm that the essential oil of S. kitaibelii exhibited antimicrobial effects against the foodborne microorganisms, as well as against bacteria and fungi that cause skin infections, in the concentration range from 0.18 to 50.0 μg mL -1 . All the above arguments are in agreement with their traditional use and use in botanical medicine for treatment of diseases of the gastrointestinal tract and skin, and as natural preservatives for meat products. 
Extraction of the essential oil:
Air-drying of plant material was performed in a shady place at room temperature for 10 days. Dried aerial parts (100 g) were cut and subjected to hydro-distillation for 3 h, using a Clevenger-type apparatus. The resulting essential oil was dried over anhydrous Na 2 SO 4 and stored at 4°C. The oil solution (1%) in hexane was used for chromatographic analysis.
Analytical gas chromatography (GC/FID):
GC/FID analysis of the oil was carried out on a Hewlett-Packard HP-5890 Series II GC apparatus, equipped with splitsplitless injector and automatic liquid sampler (ALS), attached to HP-5 column (25 m 0.32 mm, 0.52 µm film thickness) and fitted to flame ionization detector (FID). Carrier gas flow rate (H 2 ) was 1 mL/min, split ratio 1:30, injector temperature 250°C, detector temperature 300°C, while column temperature was linearly programmed from 40-260°C (at rate of 4°/min). Solutions of essential oil samples in ethanol (~1%) were consecutively injected by ALS (1 µL, split mode). Area percent reports, obtained as a result of standard processing of chromatograms, were used as base for the quantification purposes.
Gas chromatography-mass spectrometry (GC/MS):
The same analytical conditions as those mentioned for GC/FID were used for GC/MS analysis, along with column HP-5MS (30 m · 0.25 mm, 0.25 µm film thickness), using Hewlett-Packard HP G1800C Series II GCD system. Instead of hydrogen, helium was used as carrier gas. Transfer line was heated at 260°C. Mass spectra were acquired in EI mode (70 eV), in m/z range 40-450. Sample solutions in ethanol (~1%) were injected by ALS (200 nl, split mode).
Identification of components:
The components of oil were identified by comparing their mass spectra with those from Wiley 275 and NIST/NBS libraries, using various search engines. The experimental values for retention indices were determined by the use of calibrated Automated Mass Spectral Deconvolution and Identification System software (AMDIS ver. 2.1.), compared to those from available literature [44] , and used as additional tool to approve MS findings.
Microbial strains:
The antimicrobial activity of Satureja kitaibelii essential oil was evaluated using: (1) laboratory control strains: Antimicrobial activity of Satureja kitaibelii essential oil Natural Product Communications Vol. 6 (8) 2011 1171
Micro-well Dilution Assay:
A broth microdilution method was used to determine minimum inhibitory concentration (MIC) and minimum bactericidal/fungicidal concentration (MBC/MFC) according to the National Committee for Clinical Laboratory Standards [45] . The inocula of the microbial strains were prepared from overnight broth cultures and suspensions were adjusted to 0.5 McFarland standard turbidity. Dimethylsulfoxide (0.1% DMSO) was used to dissolve the essential oil (500 μL/mL). A serial doubling dilution of the oil was prepared in a 96/well microtiter plate over the range from 50.00 to 0.02 μL/mL in inoculated Mueller Hinton broth (MHB) and inoculated RPMI-1640 medium (Sigma, St. Louis, MO, USA) buffered to a pH 7.0 with morpholinepropanesulfonic acid (MOPS). The final concentration in each well was adjusted to 2.0 x 10 6 CFU mL -1 for bacteria and 1-5 x10 3 CFU mL -1 for fungal strains following the guidelines of CLSI (formerly NCCLS). The plate was incubated for 24 h at 37°C for bacteria and for 48 h-10 days at 25°C for fungal strains. Chloramphenicol, Kanamycin, Nystatin and Fluconazole served as a positive control, while the solvent was used as a negative control. All tests were performed in duplicate. MIC was defined as the lowest concentration of essential oil at which microorganisms show no visible growth. The microbial growth was determined by absorbance at 620 nm using the universal microplate reader (ThermoLabsystems, Multiskan EX, Software for Multiscan ver. 2.6.). To determine MBC/MFC, broth was taken from each well and inoculated in Mueller Hinton agar (MHA) for 24 h at 37°C for bacteria or in Sabouraud Dextrose Agar (SDA) for 48 h-10 days at 25°C for fungal strains. The highest dilution without growth is the minimum inhibitory concentration -MIC [45] . The MBC/MFC is defined as the lowest concentration of the essential oil at which inoculated microorganisms were 99.9% killed.
Statistical analysis of data:
Analysis of variance (ANOVA) was used to determine the significance (p≤0.05) of the data obtained in all experiments. All results were determined to be within the 95% confidence level for reproducibility.
